SYNOPSIS During an histological study of pulmonary thromboembolism, arterial wall splits, many associated with saccular microaneurysms, were observed in association with emboli or their fibrous residue. Other aneurysmal lesions, non-inflammatory focal medial necrosis, and medial scars were also seen in a few cases. The nature of the arterial rents indicates that they arose by mechanical splitting after acute stretching of the artery. at the time of embolic impaction. Saccular aneurysms then developed in some. Impaction could also have caused the foci of medial necrosis while the medial scars could represent healed former necrosis or rupture. Though the observed incidence of lesions was relatively low, this seems to be due to their small sizes and the sampling inherent in conventional histological analysis. It is concluded that arterial splits are probably a common effect of pulmonary embolism and often give rise to small aneurysms.
Ruptures of arteries and small saccular aneurysms were observed during an histological analysis of organization and resolution of pulmonary thromboemboli; the study was then extended to include necrosis and scars in the tunica media. Though cases of false and dissecting aneurysm and arterial rupture after systemic and pulmonary embolism have been reported recently by Salyer et al (1974) the kinds of rupture and aneurysms described here do not seem to have been described hitherto. They are believed to be mechanical in origin following acute impact of emboli within the arteries.
Material and methods
The present report is based on an histological collection from 85 subjects at necropsy of pulmonary thromboemboli sectioned in situ. Details of the subjects are outlined in table I. Ages ranged from 12 to 94 years but most patients were elderly. More than half were females. Death followed trauma in most cases but some had been burned and a few died from natural diseases. The largest single group (34 %) were elderly patients with a fractured neck of femur (fractured hip). Survival time after injury ranged from three days to 12 months but nearly two-thirds of the patients died two weeks or more and 36 % died one month or more after the accident.
Received for publication 13 January 1976 Full postmortem examinations were performed. Lung emboli had been searched for by opening with scissors the main arterial tree as previously reported (Sevitt and Gallagher, 1961 (table II) . Unhealed arterial ruptures were observed in nine subjects, the 14 lesions affecting 12 vessels. In seven of these cases, saccular aneurysms were present at the rupture sites, eight arteries being affected. Other aneurysmal lesions were observed in two subjects, focal scars in the media in three patients, and foci of medial necrosis or degeneration in three others.
ARTERIAL RUPTURES AND ANEURYSMS
These were often linked since the saccular aneurysms were derived from splits in the arterial wall.
Pulmonary arterial ruptures Details of the 14 lesions and the nine affected subjects are given in table m (cases 1 to 9). Well-defined narrow splits or fissures passed transversely and sharply into the media in four cases, five arteries being affected (figs 1, 3, and 4). The vessels ranged from a tiny one only 0 05 mm diameter to a large artery 10 mm diameter. In cases 1 and 2 the rents were not complicated by aneurysms. One split involved less than half the width of the thick musculoelastic media of a large artery (fig 1) and was lined by a narrow layer of coagulated protein also adhering to the intima nearby. The other rupture affected a 2 mm diameter vessel extending almost to the adventitia (fig 3) . The intima around it had become thickened and anchored to the embolus by fibrosis, and flattened cells had spread over the surfaces of the rent.
Three other medial splits (case 3 and two in case 4) extended into the adventitia as narrow diverticula lined by thinned media (fig 4). They were saccular microaneurysms. The arteries affected were 0-25, 0 05, and 0 5 mm diameter respectively. One contained a recent embolus, and another (case 4) had a fibrous intimal plaque on the wall opposite the split.
However, neither embolus nor fibrous residue was associated with the rupture in case 3 (fig 4) though an organizing embolus was present in an artery nearby. This suggests that the embolus responsible for the rupture had moved or disappeared.
In five cases (5 to 9) the splits had widened somewhat, forming the openings of well-defined berry aneurysms (vide infra).
Other ruptures were not narrow splits. The large artery in case 1 affected by a partial split (fig 1) also had two separated ruptures near one another in another part of the vessel, thereby exposing the thrombus to the adventitia over zones measuring 0 7 and 3 0 mm long respectively. Part of a separated rupture is shown in figure 2 . Groups of polymorphs, some macrophages, and free haemorrhage had collected in the gaps between the thrombus and adventitia. fig 7) . This artery, which was 4 mm diameter, had a pear-shaped aneurysm measuring 1-0 mm long by 0 3 mm bulging outwards at one point. The vessel showed considerable fibrous intimal thickening and several fibrous bands crossing the lumen. These were the organized products of an embolus, presumably the one which had ruptured the artery and produced the microaneurysm.
Other aneurysms Two other lesions were seen. One was a local aneurysmal dilatation (fig 8) Table V Cases with foci of medial necrosis or degeneration highly organized thrombus containing fibrin remnants and haemosiderin with a flat surface flush with the lumen. It was bordered by a wall continuous with that of the artery from which it was derived, and also merging with the wall of the parent artery. The aneurysmal dilatation seems related to local embolism, and though arterial rupture was not seen, a healed split may have been obscured by the extensive fibrous anchoring of the occluding thrombus.
The other lesion (table IMI, case 11) presented as a thrombus enclosed between tunica media and a thin fibroelastic membrane continuous with the intima (fig 9) . The vessel was relatively thin-walled and about 0-1 mm diameter. Whether it was an artery, a vein or even a large lymphatic channel is not certain, since various small lung vessels are thin-walled. The enclosing membrane was derived from intima and adjacent media which had also been stripped elsewhere, parts lying loose in the lumen. Nearby was a muscular artery, 5 mm diameter, occluded and distended by a recent embolus. Though no rent was seen, embolic rupture of this vessel into the other may have occurred at a level outside the plane of section, producing a dissecting aneurysm.
Scars ofthe media Focal medial scars were seen in three subjects (table  IV) . In two (cases 12 and 13), the full thickness of the media was defective and replaced by collagen continuous with the adventitia. In one, the internal elastic lamina was also locally missing (fig 10) . This artery, 0-25 mm diameter, contained an organizing embolus adhering to the medial scar. The third medial scar (case 14) in a vessel of 1 mm diameter was localized and extended somewhat obliquely through the full thickness of the media. It could represent a healed arterial split. Nearby was an eccentric fibroelastic intimal plaque, the organized product of an old embolus.
Focal necrosis and degeneration
Three examples of severe focal degeneration or necrosis of the media without infiltration by inflammatory or other cells were observed (table V) . One affected part of the wall of the parent artery near the opening of the branch with the aneurysmal dilatation (fig 11, case 10) . The lesion was a shrunken pyknotic zone involving the thickness of the media, facing but separated from a mural organizing embolus. Another (case 15) involved a strip of intima and underlying media of a 2 mm diameter artery containing a recent embolus. The third (case 16) affected the bifurcation of an artery deep to an organizing saddle embolus. The intima was necrotic, the media locally swollen, and its smooth muscle ill defined and apparently disappearing.
Discussion
This study began as a part of an investigation into the pathology and life history of venous thromboembolism, parts concerned with deep vein thrombosis having been reported (Sevitt 1973a, b; 1974a, b) .
Surprisingly little has been reported on the direct effects of lung emboli on arteries, though the products of embolic reduction such as fibrous intimal plaques and bands and networks crossing the lumen are well recognized; atheromatous residue has been produced experimentally and has also been observed in human material (for references see Hume et al (1970) ). Focal arteritis with leucocyte infiltration under recent emboli, presumably an irritative effect, is quite frequent and is sometimes associated with focal degenerate or necrotizing changes in the media. Pulmonary arterial necrosis, usually focal, was reported by Meyer (1960) vessels by Haimovici (1950) and in both pulmonary and systemic arteries by Salyer, et al (1974) after embolism. Three examples of acute focal necrosis or severe degeneration of the media were found in the present series (3-5 % of cases), but these were non-inflammatory lesions. Mechanical trauma from local embolic impact seems the most likely of the possible mechanisms. Focal hypoxia from interference with diffusion from the lumen would not readily account for the necrotic focus opposite a mural embolus (fig 11) , and local chemical action from a product of the thrombus seems unlikely to explain non-inflammatory lesions.
Three focal medial scars were seen (3 5 % of cases). (Sevitt, 1968) and other arteries. Narrow splits into or across the media were seen in five arteries (2 5%) of four subjects (47 7%), and saccular microaneurysms in eight arteries (3 9 %) of seven cases (8-2%). Some of the latter presented as narrow diverticula clearly related to split-ruptures, but other aneurysms were dilated into sacs and the splits had opened somewhat to form the mouths of the aneurysms. Taking splitruptures and saccular aneurysms together, 10 arteries (4 9 %) in nine subjects (106 %) were seen to be affected; and taking all ruptures and aneurysms together, 14 arteries (6-9%) in 11 subjects (13%) were found to be involved. The true frequency is likely to be greater. Serial sections were not made routinely and hence other tiny ruptures and microaneurysms could have been present in other parts of the blocks. Moreover, the blocks contained only portions of emboli and only a proportion of the emboli were examined histologically. Further, it is likely that some emboli move distally after initial impact, and then ruptures may be present without emboli in the affected part, as was found in case 3 (fig 4) . The conclusion seems warranted that arterial splits are a common feature of pulmonary embolism and often give rise to microaneurysms. Foci of medial necrosis and scarring are also likely to be much more frequent than was found.
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Can these ruptures and aneurysms produce clinical effects? Presumably not in most cases, but Thompson and Gerstl (1946) described a fatal globe-like aneurysm, about 12 cm diameter, in the right pulmonary artery of a 27-year-old man associated with organizing bilateral thrombi in hilar and other major arteries. Their description of the large false aneurysm is consistent with its development from a true saccular aneurysm after arterial wall rupture by embolic impaction. The ability of thromboemboli to rupture arteries and cause aneurysms would not be confined to the lung. False and dissecting aneurysms have been demonstrated in embolized splenic, pancreatic, and mesenteric vessels (Salyer et al, 1974) , and the possibility that some systemic saccular aneurysms, such as some of those in the circle of Willis, are produced by embolic rupture seems worthy of study.
